Population genomics of sub-Saharan Drosophila melanogaster: African
  diversity and non-African admixture by Pool, John E. et al.
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&.*.@8.5:059!27!3(.!4.7.4.5:.!*34)05!9:>!7-:>!6;:>!$%:!)5/!3(.!)//03025!27!*068,)3./!9.5.30:!
1)40)3025!),,2=./!3(.!@8),03-!27!)**.6?,0.*!32!?.!)**.**./;!!#)*./!25!3(.!057.44./!34)/.277!
?.3=..5!.4424!4)3.*!)5/!9.526.E=0/.!:21.4)9.>!)!52605),!#A"!@8),03-!*:24.!27!kCB!
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O:244.*+25/059!32!)5!.*306)3./!^(4./!*:24.!27!k_bQ!=)*!:(2*.5!)*!)!@8),03-!3(4.*(2,/!724!
*8?*.@8.53!)5),-*.*!O[0984.!$BQ;!!N.5260:!4.9025*!=03(!,259!?,2:M*!27!0/.5303-E?-E/.*:.53!
OR#VQ!:25*0*3.53!=03(!4.,)3./5.**!=.4.!6)*M./!O%)?,.!$Ch!%)?,.!$_Q;!!!"!78,,!/.*:40+3025!27!
/)3)!9.5.4)3025!)5/!05030),!)5),-*0*!:)5!?.!7285/!05!3(.!H)3.40),*!)5/!H.3(2/*!*.:3025;!!
^42:.**./!)5/!4)=!*.@8.5:.!/)3)!724!),,!9.526.*!:)5!?.!7285/!)3!
(33+gll===;/+9+;249l/+9+FlV^N^F;(36,!)5/!(33+gll5:?0;5,6;50(;921l*4);!
!
<#"",()/'#-*#=*$,>4,-7'-.*5,%/&*;'/&*.,-#+'7*7#?,").,*)-5*.,-,/'7*5'$/)-7,*
! %(.!*.@8.5:./!9.526.*!1)4-!*095070:)53,-!05!6.)5!*.@8.5:059!/.+3(!O)1.4)9.!
586?.4!27!4.)/*!)3!)!901.5!?+Q!+4.*.53!05!3(.!)**.6?,0.*;!!"6259!9.526.*!=03(!4.,.1)53!
/)3)!7426!),,!701.!3)49.3!:(4262*26.!)46*>!6.)5!/.+3(!4)59.*!7426!BbJ!32!_aJ!O%)?,.!$FQ;!!
V.+3(!=)*!7285/!32!()1.!)!*8?*3)530),!057,8.5:.!25!+)04=0*.!9.5.30:!/0*3)5:.*;!!H.)5!/.+3(!
*(2=./!+2*0301.>!525E,05.)4!4.,)3025*(0+*!=03(!/0*3)5:.!7426!3(.!!0*+,()-#.)$/,"*4.7.4.5:.!
9.526.>!)5/!=03(!)1.4)9.!/0*3)5:.*!32!23(.4!"740:)5!*)6+,.*>!*8:(!)*!P)6?0)E$0)1259)!
O[0984.!F"Q;!!%(.!4.,)3025*(0+!?.3=..5!/.+3(!)5/!9.5.30:!/0*3)5:.!7426!P)6?0)!0*!
.*+.:0),,-!*34259!O$+.)46)5!!*m!X;`Ch!@!j!X;XXXXBQ>!*899.*3059!3()3!+2+8,)3025!)5:.*34-!
()*!,033,.!057,8.5:.!25!3(0*!@8)5303-!O)!+42+.43-!27!3(.!PR!*)6+,.!7843(.4!/0*:8**./!?.,2=Q;!!
%(0*!:244.,)3025!0*!.*+.:0),,-!+425285:./!724!9.526.*!=03(!/.+3(!?.,2=!FIJ!>!=(0,.!25,-!)!
62/.*3!*,2+.!0*!+4.*.53!)?21.!3(0*!3(4.*(2,/;!!
! H.)5!/.+3(!=)*!),*2!:244.,)3./!=03(!9.5260:!:21.4)9.!n!3(.!+243025!27!3(.!9.526.!
=03(!)!:),,./!?)*.!)3!3(.!@8),03-!3(4.*(2,/!O[0984.!F#h!$+.)46)5!!*m!X;`Fh!@!j!X;XXXXBQ;!!
%(.!,2=.*3!/.+3(!9.526.*!=.4.!7285/!32!()1.!oFp!,2=.4!:21.4)9.!3()5!)!3-+0:),!9.526.!
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! %(.!057,8.5:.!27!/.+3(!25!9.5.30:!/0*3)5:.!()*!3(.!+23.530),!32!?0)*!62*3!+2+8,)3025!
9.5.30:!)5),-*.*;!!A.!7285/!3()3!*340:3!*)6+,.!:21.4)9.!3(4.*(2,/*!O25,-!)5),-L059!*03.*!
:21.4./!05!62*3!24!),,!)**.6?,0.*Q!:28,/!)6.,024)3.!3(.!/.+3(E/0*3)5:.!:244.,)3025>!?83!)3!
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/.523./!)*!d*.:25/)4-!:24.e;!!N.526.*!523!/.401./!7426!()+,20/!.6?4-2*!=.4.!,)?.,./!
d525E:24.e>!)5/!=.4.!523!)5),-L./!7843(.4!05!3(0*!*38/-;!
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.K)605)3025!27!3(0*!/)3)!*.3!4.1.),./!)!586?.4!27!*8?E$)()4)5!9.526.*!=03(!858*8),,-!
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H)3.40),*!)5/!H.3(2/*;!!%(.!6.3(2/!830,0L./!)!dG842+.)5!+)5.,e!O3(.![&!*)6+,.Q!)5/!)5!
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:26+)40*25>!24!07!=.!)4.!):38),,-!:26+)4059!3=2!525E"740:)5!),,.,.*!05!3(.!:)*.!27!)5!
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A.!8*./!3(.!6.3(2/!27!^22,!)5/!W0.,*.5!\C`]!32!.*306)3.>!724!3(.!&N!*)6+,.>!3(.!
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11!
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A-/")C%#%4()/'#-*?)"')6'('/9*'-*7#$+#%#('/)-*)5+'B/4",*%"#%#"/'#-*
! ^.4()+*!624.!*340M059!3()5!3(.!?.3=..5E+2+8,)3025!+)33.45!27!)/60K384.!)4.!3(.!
*3)4M!/077.4.5:.*!05!)5:.*34-!2?*.41./!=03(05!+2+8,)3025*;!!%(0*!05/010/8),!1)40)?0,03-!0*!
=.,,E0,,8*34)3./!?-!3(.!&N!*)6+,.!O[0984.!C#Q>!?83!*060,)4!+)33.45*!)4.!),*2!2?*.41./!05!
23(.4!+2+8,)3025*!O%)?,.!$bQ;!!"6259!3(.!FF!&N!+406)4-!:24.!9.526.*>!505.!()1.!52!
057.44./!)/60K384.!)3!),,>!.09(3!23(.4*!()1.!,.**!3()5!Cp!)/60K384.>!=(0,.!3(.!23(.4!701.!
9.526.*!:253)05!FXna`p!)/60K384.;!!#)*./!25!724=)4/!*068,)3025*!=03(!4.:26?05)3025!
)5/!6094)3025!\C`]>!3(.!2?*.41./!1)40)5:.!)6259!9.526.*!05!:2*62+2,03)5!)/60K384.!
+42+243025!724!3(.!&N!*)6+,.!=)*!7285/!32!?.!85,0M.,-!85/.4!3(.!+2053!.*306)3.*!27!
/.6294)+(0:!+)4)6.3.4*!4.+243./!)?21.!O25.E3)0,./!@!m!X;XFQ;!
! %(.!85.K+.:3./,-!(09(!1)40)5:.!05!)/60K384.!+42+243025!6)-!4.@804.!)!:26?05)3025!
27!?02,290:),!.K+,)5)3025*;!!R51.4*025!74.@8.5:-!/077.4.5:.*!?.3=..5!"740:)5!)5/!
0534294.**059!:(4262*26.*!=28,/!4./8:.!3(.!4)3.!27!4.:26?05)3025>!+23.530),,-!M..+059!
)/60K384.!05!,259.4!?,2:M*;!!<2=.1.4>!3(.!9.526.E=0/.!+4.1),.5:.!27!,259!)/60K384.!
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34):3*!O05:,8/059!05!4.9025*!3()3!/2!523!21.4,)+!:26625!051.4*025*Q!6)M.*!3(0*!.K+,)5)3025!
05:26+,.3.!)3!?.*3;!!!
",3.45)301.,->!"740:)5!+2+8,)3025*!6)-!?.!*8?f.:3!32!,2:),!(.3.429.5.03-!724!)5-!
586?.4!27!.5104256.53),!7):324*>!)5/!:2*62+2,03)5!),,.,.*!6)-!:257.4!)!94.)3.4!
+4.7.4.5:.!724!)5/l24!7035.**!05!*+.:070:!60:42()?03)3*;!!$8:(!/077.4.5:.*!609(3!+4210/.!)!
/.94..!27!*+)30),!0*2,)3025!?.3=..5!7,0.*!=03(!(09(.4!)5/!,2=.4!,.1.,*!27!)/60K384.;!!
<2=.1.4>!3(.!&N!*)6+,.!=)*!:2,,.:3./!7426!)!()5/78,!27!6)4M.3*>!4.*3)84)53*>!)5/!?)4*!05!
3(.!:.53.4!27!3(.!4.,)301.,-!*6),,!32=5!27!N0M259242>!&=)5/)!O)5!)4.)!,.**!3()5!FXX6!
):42**Q>!)5/!03Y*!523!:,.)4!=(.3(.4!)5-!6.)505978,!0*2,)3025!:28,/!.K0*3!25!3(0*!*:),.;!
[05),,->!*.K8),!*.,.:3025!6)-!+,)-!)!42,.!05!9.5.4)3059!3(0*!+)33.45;!!"740:)5!*34)05*!27!
!0*+,()-#.)$/,"!)4.!M52=5!32!/0*+,)-!1)4-059!/.94..*!27!dPE,0M.e!6)3059!?.()1024>!05!=(0:(!
7.6),.*!/0*:40605)3.!)9)05*3!6),.*!7426!dHE,0M.e!*34)05*>!=(0:(!05:,8/.!:2*62+2,03)5!
+2+8,)3025*!\Cb>CD];!!<.5:.>!25.!=28,/!.K+.:3!6)5-!"740:)5!7.6),.*!32!)120/!6)3059!=03(!
6),.*!:)44-059!3(.!:2*62+2,03)5!),,.,.*!4.*+25*0?,.!724!3(.!H!+(.523-+.;!!"5/!05/../>!
6)3059!:(20:.!.K+.406.53*!\CC]!7285/!3()3!6)3059*!?.3=..5!484),!#4)LL)10,,.!7.6),.*!)5/!
84?)5!O)++)4.53,-!)/60K./Q!#4)LL)10,,.!6),.*!=.4.!68:(!,.**!74.@8.53!3()5!(2629)60:!
+)04059*;!!%(0*!+(.526.525!609(3!(.,+!32!.K+,)05!3(.!+4.1),.5:.!27!)/60K384.!05!25,-!)!
*8?*.3!27!9.526.*!05!&N!)5/!23(.4!*)6+,.*;!![843(.4!.6+040:),!)5/!+4./0:301.!*38/0.*!=0,,!
?.!5.././!32!)**.**!3(.!)?0,03-!27!3(.*.!)5/!23(.4!(-+23(.*.*!32!.K+,)05!3(.!057.44./!
+)33.45*!27!:2*62+2,03)5!)/60K384.!)6259!*8?E$)()4)5!9.526.*;!!!
!
A-/")C.,-#+'7*?)"')6'('/9*'-*7#$+#%#('/)-*)5+'B/4",*%"#%#"/'#-*
! R7!:2*62+2,03)5!)/60K384.!0*!+)43,-!/8.!32!)/)+301.!+42:.**.*>!03!6)-!?.!=243(=(0,.!
32!.K)605.!1)40)?0,03-!05!)/60K384.!+42+243025!):42**!3(.!9.526.;!![0984.!_!*(2=*!3(.!
586?.4!27!+406)4-!:24.!9.526.*!=03(!)/60K384.!+42?)?0,03-!)?21.!IXp!724!.):(!=05/2=!
)5),-L./!?-!3(.!)/60K384.!<HH;!!#-!05:,8/059!)/60K384.!34):3*!7426!DI!*8?E$)()4)5!
9.526.*!):42**!),,!+2+8,)3025*>!=.!6)-!,2*.!*26.!+2+8,)3025E*+.:070:!*095),*>!?83!=.!9)05!
4.*2,83025!3()3!=28,/!523!.K0*3!=03(05!*6),,!*)6+,.*;!!!
! ',.)4!/077.4.5:.*!=.4.!2?*.41./!?.3=..5!:(4262*26.*!05!)/60K384.!,.1.,*;!!
"1.4)9059!):42**!),,!=05/2=*>!)46*!CZ!)5/!C&!()/!3(.!(09(.*3!586?.4!27!)/60K./!
9.526.*!OBb;B!)5/!Bb;X>!4.*+.:301.,-Q>!=(0,.!FZ!)5/!F&!=.4.!*26.=()3!,2=.4!O?23(!
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)1.4)9./!B_;aQ;!!#23(!)832*26.*>!(2=.1.4>!=.4.!:25*0/.4)?,-!624.!)/60K./!3()5!3(.!J!
:(4262*26.>!=(0:(!)1.4)9./!f8*3!D;C!)/60K./!9.526.*!+.4!=05/2=;!!"!@8),03)301.,-!
:25*0*3.53!+)33.45!()*!?..5!4.+243./!\C_]!05!=(0:(!:2*62+2,03)5!)/60K384.!=)*!/.3.:3./!
25!3(.!3(04/!:(4262*26.!?83!523!3(.!J!:(4262*26.!05!)!*)6+,.!7426!<)4)4.>!P06?)?=.;!!!
! "!,.**.4!:25340?83025!27!3(.!J!:(4262*26.!32!:2*62+2,03)5!)/60K384.!609(3!?.!
.K+.:3./!07!6),.*!:25340?83./!/0*+42+243025)3.,-!32!0534294.**025;!!<2=.1.4>!3(.!6)3059!
+4.7.4.5:.*!/.*:40?./!)?21.!609(3!?.!.K+.:3./!32!-0.,/!3(.!2++2*03.!4.*8,3>!*8++4.**059!
9.5.30:!:25340?83025*!7426!:2*62+2,03)5!6),.*!0532!"740:)5!+2+8,)3025*;!!"//03025),,->!3(.!
,2:0!4.*+25*0?,.!724!3(.!HlP!?.()1024),!+2,-624+(0*6!)4.!3(289(3!32!4.*0/.!+406)40,-!25!
3(.!)832*26.*!\Cb]>!=(0:(!*(28,/!06+./.!)832*26),!0534294.**025!4)3(.4!3()5!JE,05M./!
0534294.**025;!!"523(.4!.K+,)5)3025!724!3(.!/.70:0.5:-!27!JE,05M./!)/60K384.!0*!624.!
.770:0.53!*.,.:3025!/8.!32!3(.!J!:(4262*26.Y*!(.60L-92*03-!\_X];!!%(.!J!:(4262*26.!609(3!
()1.!.K+.40.5:./!)!(09(.4!4)3.!27!d283E27E"740:)e!*.,.:301.!*=..+*!\BF]>!)5/!.1.5!3(289(!
*26.!:2*62+2,03)5!)/)+3)3025*!6)-!52=!?.!7)124./!05!"740:)>!03!0*!:25:.01)?,.!3()3!3(.!J!
:(4262*26.!:253)05*!)!94.)3.4!/.5*03-!27!:2*62+2,03)5!),,.,.*!3()3!)4.!*30,,!/.,.3.4028*!05!
*8?E$)()4)5!"740:)!)5/!,0603!JE,05M./!0534294.**025;!!G1.5!07!:2*62+2,03)5!),,.,.*!3()3!
4.6)05!/.,.3.4028*!05!"740:)!2::84!)3!*060,)4!4)3.*!25!3(.!J!:(4262*26.!)5/!)832*26.*>!
*.,.:3025!609(3!?.!624.!.77.:301.!)9)05*3!0534294.**059!J!:(4262*26.*;!!",3.45)301.,->!3(.!
J!:(4262*26.Y*!(09(.4!4.:26?05)3025!4)3.!6)-!,.)/!)/1)53)9.28*!JE,05M./!:2*62+2,03)5!
),,.,.*!32!0534294.**!=03(05!*6),,.4!:(4262*26),!?,2:M*;!!%(.!4.:26?05)3025!4)3.!
/077.4.5:.!+4./0:3./!?-!6)++059!:42**.*!\Fb]!=0,,!?.!6)95070./!?-!3(.!,):M!27!
4.:26?05)3025!05!6),.*>!)5/!+.4()+*!),*2!?-!3(.!)832*26.*Y!9.5.4),,-!(09(.4!,.1.,*!27!
051.4*025!+2,-624+(0*6!\_B]>!=(0:(!*(28,/!/.:4.)*.!)832*26),!4.:26?05)3025!4)3.*!05!
5)384.!)5/!05:4.)*.!J!:(4262*26.!4.:26?05)3025!O/8.!32!3(.!053.4:(4262*26),!.77.:3!
\_F]Q;!!!
! '25*0/.4)?,.!1)40)3025!05!3(.!+42+243025!27!)/60K./!05/010/8),*!=)*!),*2!)++)4.53!
=03(05!:(4262*26.*;!![24!.K)6+,.>!3(.!J!:(4262*26.Y*!/.)43(!27!)/60K384.!=)*!62*3!
/4)6)30:!724!3(.!3.,26.4.E+42K06),!(),7!27!03*!=05/2=*!O)1.4)9.!`;D!)/60K./!9.526.*Q!
)5/!,.**!*.1.4.!724!3(.!:.53426.4.E+42K06),!(),7!O)1.4)9.!BB;aQ;!!S5!)!705.4!*:),.>!3(.!
+42+243025!27!)/60K./!9.526.*!*(2=./!4.,)301.,-!5)442=!9.5260:!+.)M*!)5/!1),,.-*!
O[0984.!_Q>!=03(!3(.!62*3!.K34.6.!)/60K384.!,.1.,*!273.5!,0603./!32!053.41),*!25!3(.!24/.4!
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27!BXX!M?;!!R7!3(.!)/)+301.!(-+23(.*0*!27!:2*62+2,03)5!)/60K384.!0*!:244.:3>!9.5260:!+.)M*!
)5/!1),,.-*!27!)/60K384.!:28,/!05:,8/.!:2*62+2,03)5!,2:0!3()3!)4.!)/1)53)9.28*!)5/!
/.,.3.4028*>!4.*+.:301.,->!05!*8?E$)()4)5!"740:);!!A.!4.3845!32!3(.!*+.:070:!:253.53!27!3(.*.!
053.41),*!,)3.4>!05!3(.!:253.K3!27!283E27E"740:)!*=..+*;!!!
!
@"'-7'%)(*<#+%#-,-/$*8-)(9$'$!
! R5!24/.4!32!.1),8)3.!3(.!.77.:301.5.**!27!)/60K384.!0/.53070:)3025!)5/!32!.K)605.!
9.294)+(0:!94)/0.53*!27!9.5.30:!1)40)3025>!+405:0+),!'26+25.53*!"5),-*0*!O^'"Q!\_C]!=)*!
)++,0./!32!)/60K384.E70,3.4./!)5/!8570,3.4./!/)3);!!R5!?23(!:)*.*>!3(.!704*3!+405:0+),!
:26+25.53!:,.)4,-!4.7,.:3./!:2*62+2,03)5!1.4*8*!"740:)5!)5:.*34-;!!'26+)40*25!27!3(.*.!
4.*8,3*!*899.*3./!3()3!284!)/60K384.!/.3.:3025!6.3(2/!()/!*8::.**78,,-!70,3.4./!62*3>!?83!
523!),,>!:2*62+2,03)5!)/60K384.!7426!*8?E$)()4)5!9.526.*!O[0984.!I"Q;!![24!.K)6+,.>!
&NCI!=)*!?-!7)4!3(.!62*3!)/60K./!9.526.!05!03*!&=)5/)!+2+8,)3025!*)6+,.>!=03(!)!+4.E
70,3.4059!E^'B!27!X;BIC;!!"73.4!70,3.4059>!03*!^'B!/42++./!32!EX;XXB!n!)!:25*0/.4)?,.!
06+421.6.53>!),3(289(!*,09(3,-!(09(.4!3()5!3(.!+2+8,)3025!)1.4)9.!27!EX;X_D;!!<.5:.>!)!
6052403-!27!)/60K384.!6)-!4.6)05!85/.3.:3./>!)5/!724!)5),-*.*!3()3!6)-!?.!.*+.:0),,-!
*.5*0301.!32!,2=!,.1.,*!27!)/60K384.>!8*.4*!27!3(.!/)3)!:28,/!2+3!32!.K:,8/.!9.526.*!=03(!
(09(.4!,.1.,*!27!/.3.:3./!)/60K384.;!!!
! [2:8*059!25!^'"!7426!)/60K384.E70,3.4./!*8?E$)()4)5!/)3)>!^'B!*.+)4)3./!*283(.45!
"740:)5!+2+8,)3025*!7426!=.*3.45!"740:)5!)5/!G3(02+0)5!+2+8,)3025*>!=03(!.)*3.45!"740:)5!
*)6+,.*!()1059!053.46./0)3.!1),8.*!O[0984.!I#Q;!!^'F!6)05,-!/0*305980*(./!G3(02+0)5!
*)6+,.*!7426!),,!23(.4*>!=(0,.!*8?*.@8.53!+405:0+),!:26+25.53*!,):M./!2?1028*!
9.294)+(0:!+)33.45*!O%)?,.!$DQ;!
!
D,#.")%&'7*%)//,"-$*#=*$46C2)&)")-*.,-,/'7*5'?,"$'/9*
! W8:,.230/.!/01.4*03-!=)*!.1),8)3./!724!=05/2=*!)5/!724!78,,!:(4262*26.!)46*>!05!
3.46*!27!?23(!)?*2,83.!)5/!4.,)301.!"!O3(.!,)33.4!?)*./!25!:26+)40*25!=03(!3(.!&N!*)6+,.Q;!
%(.!8*.!27!4.,)301.!"!),,2=./!85?0)*./!:26+)40*25*!27!/01.4*03-!0512,1059!+2+8,)3025*!=03(!
05:26+,.3.!9.5260:!:21.4)9.!27!)/60K384.E70,3.4./!/)3)>!)5/!03!.5)?,./!+2+8,)3025*!
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,):M059!3=2!24!624.!9.526.*!=03(!qFIJ!/.+3(!32!?.!:25*0/.4./!?-!8*059!&N!9.526.*!=03(!
*060,)4!/.+3(!724!:26+)40*25!O*..!H)3.40),*!)5/!H.3(2/*Q;!!!
! T5/.4!*06+,.!/.6294)+(0:!*:.5)402*!27!9.294)+(0:!.K+)5*025>!+2+8,)3025*!=03(!3(.!
(09(.*3!9.5.30:!/01.4*03-!)4.!3(.!62*3!,0M.,-!32!4.7,.:3!3(.!9.294)+(0:!240905!27!),,!.K3)53!
+2+8,)3025*;!!<-+23(.*.*!724!3(.!)5:.*34),!4)59.!27!!0*+,()-#.)$/,"!=03(05!*8?E$)()4)5!
"740:)!()1.!4)59./!7426!=.*3.45!)5/!:.534),!"740:)!O?)*./!25!?029.294)+(-!\B`]Q!32!
.)*3.45!)5/!*283(.45!"740:)!O?)*./!25!)!*6),,.4!*.@8.5:.!/)3)!*.3!\Bb]Q;!!"6259!BD!"740:)5!
+2+8,)3025*>!3(.!94.)3.*3!/01.4*03-!=)*!7285/!05!3(.!PR!*)6+,.!:2,,.:3./!7426!$0)1259)>!
P)6?0)!O[0984.!`h!%)?,.!Bh!%)?,.!$BXQ>!72,,2=./!?-!3(.!9.294)+(0:),,-!+42K06)3.!P$!)5/!PS!
*)6+,.*;!!%(.!057.44./!58:,.230/.!/01.4*03-!27!PR!OX;aXph!X;bCp!724!(09(.4!4.:26?05)3025!
4.9025*Q!0*!,2=.4!3()5!.*306)3.*!724!9.294)+(0:),,-!*060,)4!*)6+,.*!?)*./!25!68,30,2:8*!
$)59.4!*.@8.5:059!\BC]>!)5/!*,09(3,-!,2=.4!3()5!)!4.:.53!+2+8,)3025!9.5260:!)5),-*0*!\Fb]>!
?83!(09(.4!3()5!)5!.)4,0.4!+2+8,)3025!9.5260:!.*306)3.!27!#*\__];!!A(0,.!/077.4.5:.*!05!3(.!
9.5260:!:21.4)9.!27!3(.*.!/)3)!*.3*!6)-!(.,+!32!.K+,)05!*26.!/077.4.5:.*>!6)++059!)5/!
:25*.5*8*E:),,059!?0)*.*!)9)05*3!525E4.7.4.5:.!4.)/*!6)-!),*2!+,)-!)!42,.;!!$8:(!7):324*!)4.!
523!.K+.:3./!32!()1.!)!/4)6)30:!06+):3!25!:26+)40*25*!27!/01.4*03-!,.1.,*!?.3=..5!"740:)5!
+2+8,)3025*;!!<.5:.>!?)*./!25!3(.!*)6+,.*!4.+4.*.53./!05!284!*38/->!*283(.45E:.534),!
"740:)!)++.)4*!32!:253)05!3(.!:.53.4!27!9.5.30:!/01.4*03-!724!!0*+,()-#.)$/,";!!",3(289(!3(0*!
(-+23(.*0*!4.@804.*!7843(.4!:257046)3025>!3(.*.!4.*8,3*!)4.!:25*0*3.53!=03(!)!*283(.45!
"740:)5!240905!724!!0*+,()-#.)$/,";!!!
H8:(!27!P)6?0)!)5/!P06?)?=.!0*!:()4):3.40L./!?-!)!*8?342+0:),!:,06)3.!)5/!
*.)*25),,-!/4-!H026?2!)5/!H2+)5.!=22/,)5/;!!A(.3(.4!3(0*!,)5/*:)+.!609(3!4.7,.:3!3(.!
240905),!.5104256.53!27!!0*+,()-#.)$/,"!0*!85:,.)4>!?.:)8*.!3(.!*+.:0.*!()*!5.1.4!?..5!
:2,,.:3./!7426!)!:26+,.3.,-!=0,/!.5104256.53!\B`]!)5/!3(.!/.3)0,*!27!03*!34)5*03025!32!)5!
2?,09)3.,-!(86)5E:266.5*),!*+.:0.*!)4.!85M52=5!\BD];!!'26+)4./!=03(!4.,)3./!*+.:0.*>!
"740:)5!*34)05*!27!!0*+,()-#.)$/,"!()1.!*8+.4024!4.*0*3)5:.!32!/.*0::)3025!\_I]!)5/!
3.6+.4)384.!.K34.6.*!\_`];!!%(.*.!:()4):3.40*30:*!=28,/!?.!+4./0:3./!?-!)5!.12,83025)4-!
240905!05!*8?342+0:),!*283(.45!"740:)>!)*!2++2*./!32!(860/!.@8)3240),!724.*3*;!!!
H2*3!+2+8,)3025*!7426!.)*3.45!"740:)!O05:,8/059!i.5-)>!&=)5/)>!)5/!T9)5/)Q!()/!
62/.*3,-!,2=.4!/01.4*03-!:26+)4./!32!P)6?0)!)5/!P06?)?=.>!=(0,.!=.*3.45!+2+8,)3025*!
16!
O05:,8/059!')6.4225>!N805.)>!)5/!W09.40)Q!*(2=./!)5!)//03025),!*,09(3!4./8:3025;!!%(.!3=2!
G3(02+0)5!*)6+,.*!*(2=./!3(.!,2=.*3!1)40)3025!)6259!"740:)5!+2+8,)3025*>!=03(!4289(,-!
3(4..!@8)43.4*!3(.!/01.4*03-!27!PR>!+23.530),,-!05/0:)3059!)!?233,.5.:M!/84059!24!*05:.!3(.!
*+.:0.*Y!2::8+)3025!27!G3(02+0);!!%(.!/0*305:35.**!27!G3(02+0)5!*)6+,.*!=)*!),*2!05/0:)3./!
?-!)5!)5),-*0*!27!6032:(25/40),!)5/!A2,?):(0)!9.526.*!7426!3(.*.!*)6.!9.526.*!\_a];!!
S3(.4=0*.>!25,-!3=2!+2+8,)3025!*)6+,.*!()/!4./8:./!/01.4*03-!4.,)301.!32!3(.!21.4),,!
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323),!27!C_C!283,0.4!4.9025*!=.4.!2?3)05./!O%)?,.!$BCQ;!![24!.):(!283,0.4!4.9025>!3(.!9.5.!
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)/60K384.!),259!3(.!9.526.!O[0984.!_Q!*(28,/!:253)05!785:3025),!/077.4.5:.*!?.3=..5!*8?E
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